Background: Physical inactivity, sedentary behaviour and an unhealthy diet are factors that may increase weight and general and/or abdominal obesity. Objective: To evaluate the relationship between general and abdominal obesity and lifestyle factors among adolescents in Qatar. Methods:
Introduction
In recent decades, Qatar has witnessed a significant improvement in the socioeconomic status of the population, which was accompanied by changes in the lifestyle. These changes were characterised by poor dietary habits, sedentary behaviour and physical inactivity [1] . All these factors have contributed to the rise in non-communicable diseases such as obesity, diabetes and cardiovascular disease [2, 3] .
Studies conducted in the Arabian Gulf reported a high prevalence of obesity among adults and children, which was considered a public health problem in the region [4, 5] . Obesity among children can be associated with an increased risk of adulthood obesity and leads to health problems [6] . In addition to general obesity, abdominal obesity, characterised by a high WHtR and/or high WC, has been associated with an increase in cardiometabolic risk in children and adolescents [7, 8] .
Different factors have been linked to the development of obesity, which include genetic (genetic susceptibility to obesity), demographic (age, gender, education and income) and lifestyle factors (sedentary behaviour, physical inactivity and poor dietary habits) [9, 10] . Evidence from several research studies indicated that lifestyle components such as sedentary behaviour, physical inactivity and dietary habits are the main factors contributing to obesity among children and adolescents [11] [12] [13] [14] .
It is well known that physical inactivity is directly associated with weight gain. Results of studies have demonstrated the relationship between physical activity intensity and abdominal obesity among adolescents [15, 16] . However, other studies yielded less conclusive results regarding the association between physical activity and abdominal obesity [17, 18] . Results of studies conducted to elucidate the relationship between screen time and obesity were inconsistent. Results of some research studies did not find any relationship between screen time and indicators of obesity [19] [20] [21] , while other studies reported an association between sedentary behaviour and abdominal obesity [22] [23] [24] [25] . Dietary habits (i.e., dietary consumption patterns, meal frequency, skipping breakfast) have been considered key factors contributing to obesity among children and adolescents. Several studies have reported high prevalence of obesity among children and adolescents adopting a diet composed of unhealthy foods such as fast food, sweets and sweetened beverages [13, 26] . Other studies indicated that the frequency of meal intake may contribute to the development of obesity [16, 27] . To our knowledge, there is a lack of data on the association between lifestyle factors and general and/or abdominal obesity among adolescents in Qatar. Therefore, the objective of the study was to evaluate the relationship between general and abdominal obesity and lifestyle factors among adolescents in Qatar.
Materials and Methods
The study data are based on the Arab Teens Lifestyle Study (ATLS). The ATLS is a school-based, cross-sectional and multi-centre collaborative study. It was conducted in many Arabic countries to evaluate lifestyle factors associated with obesity among Arab adolescents. The objectives, design and methods of the ATLS have been described before [28] .
Study Population
The target population of the present study was adolescents (boys and girls) enrolled in independent schools in Qatar during the academic year 2013/2014. Details of the sampling, selection methods, inclusion and exclusion criteria have been published elsewhere [29] . In the first stage of sampling, 47 schools were listed and numbered. Every other school was selected, with the first number being chosen randomly. A total of 23 schools were selected (11 boys' school and 12 girls' schools). In the second stage of sampling, one class from each of grade 10, grade 11 and grade 12 was randomly selected.
The total number of adolescents selected to participate in the study was 1184, consisting of 563 boys and 621 girls. Of these, only 1161 were included in the analysis. The review committee of the Ministry of Public Health and the Ministry of Education and Higher Education (Department of Policy Analysis and Research) approved the protocol for the study. Consent for participation in the study was obtained from school principals. Students also consented to participate in the study.
Anthropometric Measurements
Anthropometric indicators, which included body weight, height and WC, were measured according to standardised procedures. BMI was calculated as body weight in kilogrammes divided by height in square metres. Overweight and obesity were defined according to the IOTF age-and sex-specific BMI reference values [30] . WHtR was calculated as the ratio between WC in centimetres and height in centimetres. Abdominal obesity was defined by using the WHtR cutoff point of 0.50 [31] and the WC cutoff adopted by Taylor et al. [32] .
Research Instrument and Data Collection
Details of the validity and reliability of the ATLS questionnaire were published earlier. The questionnaire has shown high reliability (r = 0.87) and acceptable validity (r = 0.37, p < 0.001) [33, 34] .
Physical Activity Assessment
Time spent on physical activity was collected using a validated self-reported questionnaire [33] . Each participant was asked to report the duration, intensity and frequency of any physical activity from the list practised during the week. The list provided included different physical activities: household activities, recreational activities and sport activities. The metabolic equivalent values were used to differentiate between different levels of physical activities (light, moderate and vigorous) [35, 36] . Furthermore, total metabolic equivalent (METs-min/week) was split into active and inactive according to a cutoff score of 1680 METs-min/week, which is the equivalent of one hour of daily moderate-intensity activity (60 min × 7 days/week × 4 METs) [37] .
Sedentary Behaviour
Sedentary behaviour included information on time spent during the day in front of a screen watching TV, playing video games and using a computer. The cutoff point for total screen time was set to a maximum of 2 h per day, in accordance with the American Academy of Pediatrics guidelines [38] .
Dietary Habits
The dietary habits of adolescents were determined through a set of 10 specific questions.
Adolescents were asked to report on the frequency of intake of breakfast, sugar-sweetened drinks (including soda), cooked and uncooked vegetables, fruits, milk and dairy products, doughnuts/cakes, candy and chocolate, energy drinks, and Western and Arabic fast foods in a typical week.
The frequency scales ranged from zero intake (never) to a maximum intake of seven days per week (every day). Intake levels were divided into three groups: low (1-2 days per week); medium (3-4 days per week) and high (>5 days per week). The proportion of adolescents who consumed healthy foods (breakfast, fruits, vegetables and milk) daily and those whose intake per week of unhealthy foods (fries, sweets, fast food, candy) exceeded four days was determined.
Statistical Analysis
The data were analysed using IBM SPSS statistics for Windows, version 23, Chicago, USA. Data were presented as the mean, standard deviation and proportion. The student's t-test and ň 2 test were used to assess differences between genders. The relationship between general obesity and/or abdominal obesity and lifestyle components was determined by using multivariate logistic regression. Moreover, p < 0.05 was considered statistically significant. Table 1 presents the anthropometric indicators of the study population. In total, 1161 adolescents with complete data were included in the analysis; 51.7% were females (N = 600) and 48.3% were males (N = 561). The average age was 16.3 ± 1.0. Statistically significant weight, height, WC and WHtR differences were found between genders (p < 0001). There were no differences in BMI between males and females. The prevalence of general and abdominal obesity was 41.3% and 46.9% respectively. The prevalence of general obesity was significantly higher in males (44.6%) than in females (38.2%). The same pattern was observed for abdominal obesity, where 50.4% and 43.5% of males and females had abdominal obesity respectively. The prevalence of abdominal obesity was statistically higher for males than for females. Table 2 shows sedentary behaviour, physical activity and dietary habits according to gender. Results indicated that 44% of adolescents were inactive. Females were significantly inactive compared to males (63.7% vs. 36.3%; p < 0.001). Regarding screen time, 82.5% of adolescents reported a screen time of more than 2 h per day. The rate of highly sedentary behaviour (more than 2 h per day) was higher for females than for males (53.4% vs. 46.6%, p = 0.009). Moreover, 20.3% and 13.9% of adolescents reported regularly consuming vegetables and fruits, respectively. There were no significant differences in the consumption of vegetables and fruits between males and females. The rate of daily milk consumption was 24.1%. Males were more likely than females to consume milk regularly (55.9% vs. 44.1%, p < 0.01). Furthermore, 48.8% and 27.3% of adolescents regularly consumed sweetened beverages and fast food, respectively. There were no significant differences between the genders in relation to the weekly reported intake of sweetened beverages and fast food. Half of the adolescents reported consuming candy and chocolate on at least four days per week. The prevalence was higher for females than for males (60.2% vs. 39.8%, p < 0.001). In addition, 28.7% and 24.5% of participants consumed fries and cake on at least four days per week, respectively. Statistically significant differences (p < 0.05) were found for the consumption of cake and fries between males and females. Regular consumption of energy drinks was more prevalent among males than females (62.4% vs. 37.6%, p < 0.001).
Results
Lifestyle variables according to BMI, WHtR and WC are presented in Tables 3 and 4 . The results indicated statistically significant differences (p < 0.05) for lifestyle indicators between males and females. Males were more active and less sedentary and adopted healthy diet patterns, characterised by more frequent consumption of breakfast, vegetables, fruits and milk, whereas females were more sedentary and less active. Females adopted unhealthy diet choices, with more frequent consumption of fast food, fries, candy and sweets. Males with general obesity and abdominal obesity were significantly less active (p < 0.001) and reported significantly less frequent consumption of breakfast (p < 0.05). Males with normal BMI, WHtR or WC more frequently consumed fast food and candy. Energy drink intake was significantly higher (p < 0.05) among males with normal WHtR and/or WC (see Table 3 ). Obese females reported significantly less frequent consumption of breakfast (p < 0.05), fries (p < 0.05), cake (p < 0.001) and candy (p < 0.05). The same patterns were observed for females with high WHtR and/or WC. Univariate associations between general obesity and AO according to lifestyle components are shown in Table 5 . The results demonstrated that being male (OR: 1.3; CI: 1.0-1.7) and not having breakfast (OR: 1.5; CI: 1.2-2) were associated with a significantly higher risk (p < 0.05) of the development of overweight/obesity. Males had a significantly higher risk of being abdominally obese (elevated WHtR (OR: 1.3; CI: 1.1-1.7) and/or having elevated WC (OR: 1.7; CI: 1.4-2.2]). In addition, the results indicated that a high consumption of fast food, fries, sweets and cake was negatively associated with overweight/obesity and abdominal obesity.
Discussion
The present study documented lifestyle factors associated with general and abdominal obesity among adolescents in Qatar. The results of the study indicated a high prevalence of general and abdominal obesity among the study population. The rates of overweight and obesity were higher than those reported from several other countries, including Sweden (15%) [39] , Portugal (29%) [40] , Spain (21%) [41] , Lebanon (32.2%) [42] , Iraq (25.3%) [43] and Sudan (10.6%) [44] . The results of the present study demonstrated a high prevalence of abdominal obesity. The prevalence of abdominal obesity, indicated by elevated WHtR, was higher than that reported in Lebanon (20.9%) [45] , Saudi Arabia (33.1%) [46] and Portugal (22.5%) [40] , but lower than that in Jordan (49.4%) [47] . Rates of elevated WC (48.8%) were higher than those found in Malaysia (11.3%) [48] , Lebanon (14.1%) [45] and Brazil (5%) [49] . We noted a statistically significant difference between genders in the prevalence of general and abdominal obesity, with the risk of obesity being higher in males than in females. Similar results were reported in other countries such as Sweden [39] . Adolescent males were almost twice as likely to be abdominally obese than females based on the WHtR indicator. The findings of the current study corroborate those reported in Saudi Arabia [44] and Lebanon [41, 44] .
Childhood obesity has been associated with biological, behavioural and environmental determinants. Numerous research studies have illustrated the role lifestyle factors (physical inactivity, poor diet, insufficient sleep, and excessive sedentary behaviour) play in the obesity epidemic in children [50] [51] [52] . Physical activity and sedentary time are considered to be the greatest contributors to obesity and the health risks associated with it [53] .
The results of the present study revealed that 82.5% of adolescents exceeded the recommended cutoff for screen time (2 h/day). The results of the present study align with those from Kuwait [27] and Saudi Arabia [16] . However, this rate was higher than that reported by other studies in Qatar [54] , the United States [55] , Jordan [47] , Sudan [44] , Lebanon [42] , Sweden [39] and Morocco [56] . We found that females were more involved in sedentary behaviour than males. Other cross-sectional studies have shown similar results [16, 27, 39, 54] . However, other studies did not find any significant differences between genders [43, 44, 46, 54, 55] .
The results of studies investigating the association between sedentary behaviour and obesity were contradictory. We did not find any relationship between general and/or abdominal obesity and screen time. This research result is consistent with other studies [16, 17, 21, 27, 39, 47, 48] . However, other studies have noted a significant association between adiposity and screen time [23, 24, 42, 45] . The consumption of an unhealthy diet, especially sugary snacks, while watching TV may be considered a contributing factor. Other researchers have reported an association between energy-dense sugary snacks and screen time [13, 57, 58] .
Studies have reported a high prevalence of physical inactivity among adolescents [59] . The results for physical activity have shown that only 56% of adolescents in Qatar were physically active. We found differences in reported physical activity between genders (p < 0.001). The proportion of physically active males was higher than that of females (66.9% vs. 45.8%). Similar results have been reported by other studies [28, 42, 54, 60] . In a comparison study including seven Arabic countries, Guthold et al. found that 85% and 75% of males and females, respectively, aged 13 to 15 years old were inactive [61] . The difference in physical activity between the genders may be explained by cultural aspects that do not encourage girls to participate in physical activities. Among the perceived barriers to physical activity for females are inaccessibility to sport facilities, inability to exercise outdoors in sportswear and a lack of parental support [62, 63] .
While growing evidence has emphasised the role of physical inactivity in the development of obesity among children and adolescents [17, 39, 40, 42] , the present study did not find any significant association between total physical activity and general or abdominal obesity. The results of the study are consistent with those of other studies [17, 28, 44, 46, 49] .
The results on dietary habits revealed that overweight/obesity was significantly associated with a low frequency of breakfast intake. A similar association was reported by other studies [16, 27, 40, [64] [65] [66] . The results from the International Study of Childhood Obesity, Lifestyle and the Environment indicated an inverse relationship between BMI-z scores and body fat percentage and frequency of breakfast intake [67] . The results of a longitudinal Australian study demonstrated a high risk of overweight/obesity among children and adolescents skipping breakfast [65] . However, other studies did not report any relationship between breakfast intake and overweight/obesity and/or abdominal obesity [11, 45] . The protective effect of breakfast intake on obesity and overweight may be associated with low snacking and the consumption of high-calorie foods during the day [68, 69] . In the present study, adolescents with general and/or abdominal obesity reported a low frequency of consumption of unhealthy foods such as fast food, fries, cake, sugar-sweetened beverages and sweets. In addition, a significant inverse association was documented between higher intake of unhealthy foods and a lower risk of overweight/obesity and abdominal obesity. Our results align with those reported in Saudi Arabia [16] and Portugal [41] . Many studies found a link between the consumption of unhealthy foods and general and/or abdominal obesity [27, 44, 70, 71] . The negative association between consumption of unhealthy foods and obesity could be due to the fact that obese people under-report their intake. In addition, they pay more attention to foods with high energy density [72] .
The current study has some limitations. The data are drawn from a cross-sectional study; hence, it was not possible to draw inferences about causality between the study variables and obesity. An additional limitation is the use of a self-administered instrument to collect lifestyle indicators, which may lead to errors. Moreover, the food frequency questionnaire did not include portion sizes. The strengths of the study include the sample size and the use of a validated questionnaire.
Conclusions
The present study revealed significant associations between low frequency of intake of breakfast, sugar-sweetened beverages, fast food, fries and sweets and obesity, in addition to low physical activity and high sedentary behaviour among adolescents. The findings of this study will help with developing an intervention that will focus on promoting physical activity and healthy eating in schools.
